To clarify whether the reactivity of A cells is regulated by B cell function in the pancreas, plasma glucagon (IRG) responses to insulin-induced hypoglycemia and to arginine infusion were evaluated in streptozotocin (STZ; total 40 mg/kg) treated and control dogs. There was no significant rise in plasma IRG levels during the insulininduced hypoglycemia in the STZ-treated dogs. In contrast, arginine enhanced the IRG secretion from the pancreas to a similar extent in the two groups. This was deduced from the difference between IRG levels in the pancreaticoduodenal and peripheral veins. Neither intravenous glucose nor arginine infusion resulted in a significant rise in plasma insulin (IRI) levels in the STZ-treated dogs. IRI content in the pancreases of STZ-treated dogs was significantly reduced to 5 percent below the levels in the control dogs. The IRG content for control and STZ-treated dogs did not differ. These results indicate that while the responsiveness of A cells to hypoglycemia may depend on the secretory capacity of B cells, such is not the case with arginine.
The lack of glucagon response to hypoglycemia and the preserved or elevated response to arginine has been well documented, not only in cases of juvenile diabetes (Gerich et al., 1973) , but also in cases of insulin dependent diabetes where the secretory capacity of pancreatic B cells was totally exhausted (Shima et al., 1977; Reynolds et al., 1977) . In a previous study, we reported that A cell responsiveness to hypoglycemia correlated well with the insulin secretory ability of the B cells, but that such was not the case with A cell responsiveness to arginine (Shima et al., 1979) . Various experiments have been done in attempt to explain this discrepancy and "in vitro" systems in drug-induced diabetic animals were often used (Weir et al., 1976; Hermansen et al., 1979) . As there is no convincing evidence concerning the "in vivo" glucagon secretion of diabetic animals, we investigated the "in vivo" glucagon secretion to hypoglycemia and to arginine in streptozotocin-treated dogs. We would like to emphasize here, that we have attempted to throw light on the matter by measuring the insulin and glucagon content in the pancreas of the animals investigated.
Materials and Methods
Diabetes was induced in 7 healthy adult mongrel dogs of both sexes weighing 8-10 kg by giving them streptozotocin (STZ: Upjohn, C-47552, Lot No.3029 J). The dose of STZ was 20 mg/kg/day for two days. STZ was dissolved in a citrate buffer at pH 4.5 and injected intravenously within 5 min. Thes diabetic dogs were treated with 12 U of highly purified porcine insulin (Monotard, Novo Industries, Denmark) daily for 6 days.
Insulin was not given on the morning of the experiment.
Plasma glucagon (IRG) response during an insulin tolerance test (ITT) and insulin (IRI) response during an intravenous glucose tolerance test (IVGTT) were evaluated in these dogs before and after the STZadministration.
The ITT was performed on the 7th and the IVGTT on the 8th day after the administration of STZ. Plasma IRI and IRG responses during the arginine infusion test (AIT) were also examined in the same dogs about three hours after the IVGTT, when the elevated blood glucose levels during IVGTT returned to the value at the beginning of IVGTT.
This self controlled study would minimize the variation in glucagon secretion in different dogs.
Another group of 8 healthy dogs weighing 8-12 kg were subjected to an AIT as the control.
All the dogs were killed after the AIT and the IRI and IRG in the pancreas were determined.
All tests were performed with the dogs under pentobarbital anaesthesia (25 mg/kg i. v.). The ITT was carried out by administering 0.5 U/kg of insulin (Actrapid MC, Novo Industries, Denmark) to the control and 2.0 U/kg to the STZ-treated dogs. Blood samples were collected from the femoral vein at timed intervals for 180 min before and after the insulin injection. The IVGTT was carried out by giving 0.3 g/kg of 50 percent glucose rapidly and blood samples were taken at timed intervals for 30 min, in a manner similar to that described above. The AIT was performed by infusing 70 ml of 10 percent L-arginine solution into the antecubital vein for 30 min and then collecting blood from the catheters inserted into the pancreaticoduodenal and femoral veins. the control dogs. There was no significant difference between the IRG levels in the STZ-treated and the control dogs.
Discussion
The diabetic dogs whose insulin secretory capacity was totally reduced by STZ-treatment revealed an apparent discrepancy : the IRG secretion in response to arginine was well maintained, while the insulin-induced hypoglycemia did not cause any significant increase in the secretion of IRG.
As we reported previously (Matsuyama et al., 1978) , extrapancreatic glucagon of the pancreatic type does not respond to hypoglycemia, but to arginine (Blazquez et al., 1976) . To exclude the possibility of IRG secretion from A cells other than those of pancreatic origin responding to arginine, we measured the IRG "secretion" into the pancreaticoduodenal vein to determine the difference between the IRG levels between in the pancreaticoduodenal and peripheral veins. We found that the arginine-stimulated IRG "secretion" from A cells in the STZ-treated dogs did not differ from the secretion in the control dogs.
The secretion of IRG stimulated by insulin-induced hypoglycemia is considered to be influenced by several factors including the degree of hypoglycemia and the rate of decrease in blood glucose (Gerich et al., 1974) . We found that the rate of the fall and the nadirs of blood glucose levels in the It is well known that anaesthesia may affect pancreatic hormonal secretion and glucose metabolism (Davidson, 1971; Bailey and Flatt, 1980) . We evaluated the hormonal secretions in the STZ-treated dogs under the same conditions as the control dogs which showed significant insulin and glucagon secretion in response to stimuli. Therefore, the disappearance of the IRG response to hypoglycemia in the STZ-treated dogs could not be considered to result from the anaesthesia itself.
Absolute or relative hyperglucagonemia during a glucose load and an exaggerated glucagon response to arginine were observed in experimental animals (Blazquez et al., 1977; Braaten et al., 1977) and in diabetic patients (Aydin et al., 1977; Raskin et al., 1976) . This abnormal A cell reaction can be corrected by exogenously administered insulin in either supraphysiologic or physiologic doses (Shichiri et al., 1979; Kawamori et al., 1980) and is thought to be secondary to insulin deficiency or abnormal metabolic status. Therefore, it could be assumed that the absence of plasma IRG response to hypoglycemia in our diabetic dogs was due to incompleteness of their diabetic control. However, the A cells of type II diabetics whose fasting blood glucose levels are comparable with those of our diabetic dogs respond discernibly to insulin-induced hypoglycemia, though to a smaller extent than in normal subjects (Shima et al., 1977; Reynolds et al., 1977) . Furthermore, normalization of the impaired reactivy of A cells after the insulin treatment occurs in response to an oral glucose as well as to an i.v. arginine load, but not necessarily so to insulin-induced hypoglycemia in diabetics (Ohneda et al., 1978) . Together with these facts, no elevation of plasma IRG levels observed in our diabetic dogs during the hypoglycemic phase can be regarded as resulting from derangement of the diabetic control. (Orci et al., 1975) and are supposed to influence each other functionally by paracrine secretion (Orci and Unger, 1975) or through some mediators between the coupled cells such as Ca++ or cyclic AMP (Leclercq-Meyer et al., 1975; Kalkhoff and Siegesmund, 1981; Toyota et al., 1975) . As evidenced by the marked decrease in insulin content following STZ-administration, the cell to cell communication between A and B cells in the islets, observed in normal pancreas, was destroyed and the interaction between these cells, if any, would not operate.
A cells of the gastric fundus (Matsuyama et al., 1978) , islets of juvenile diabetes (Gerich et al., 1973) , and our STZtreated dogs, all of which lack contact with B cells, were not stimulated by hypoglycemic stimulus. These data taken together suggest that A cells require an enviroment of normal B cells to respond to insulininduced hypoglycemia.
